Chitosan (1) was reacted with phenylisothiocyanate in 5% AcOH/ H2O to give N-phenylthiocarbamoyl chitosan (2) with a degree of substitution (DS) of N-phenylthiocarbamoyl groups of 0.86 in 87.1% yield. The following acylation of compound 2 with hexanoyl chloride in the presence of pyridine afforded 3,6-di-O-2,3-hexanoyl chitosan isothiocyanate (4a) with a DS of the isothiocyanate groups of 0.70 in high yield, unexpectedly. Compound 4a exhibited high levels of reactivity towards various amines to give the corresponding N-thiocarbamoyl chitosan derivatives in high yields. Other acyl (decanoyl (4b), myristroyl (4c), stearoyl (4d), benzoyl (4e)) chitosan isothiocyanates were also prepared from chitosan (1) in high yields. To evaluate the potential applications of acyl chitosan isothiocyanates, N-(triphenylporphynyl)thiocarbamoyl chitosan derivative 6 with a DS of the triphenylporphynyl groups of 0.46 was prepared from compound 4b. The Langmuir-Blodgett monolayer film of compound 6 gave a good photon-to-electron conversion performance.
filtered, and the filter-cake was washed with MeOH. This purification procedure 91 was repeated several times until no absorbance could be detected at 280 nm in 92 the filtrate. The solid product was then dried in vacuo to afford 93 N-phenylthiocarbamoyl chitosan (2, 1.80 g, 87.1% yield).
94
Compound 2 -DS PhNHCS: 0.86 (determined by elemental analysis); FT-IR (KBr): 95 ν 3298, 2873, 1660, 1541, 1497, 1373, 1234, 1150, 1065, 898, 746 , 692 cm −1 ; collected by filtration, and the filter-cake was washed with distilled water before being collected and dissolved in a small amount of THF. The resulting solution 127 was added to distilled water (400 mL) in a drop-wise manner to give a 128 precipitate, which was collected by filtration. The filter-cake was then washed 129 with distilled water before being collected and dried in vacuo at 40 °C to afford 130 compound 5a (196 mg) . 131 Compound 4a was also reacted with n-propyl amine and piperidine by the 132 same procedure to give compounds 5b and 5c. The DS, 1 H and 13 C NMR and 133 FT-IR data of compounds 5a-5c were summarized in Table 1 . ,6-di-O-heaxnoyl-N-(p-(10,15,20-triphenyl-5-porphyrinyl) 2000) were also found in the 1 H and 13 C NMR spectra of product A (Fig.1 ).
204
Taken together, these results suggested that hexanoylation had proceeded O-hexanoylation process had not proceeded to completion (data not shown).
235
The FT-IR spectrum of the product after FT-IR spectra shown in Fig.2 , we have proposed a mechanism for this 249 transformation which is shown in Fig.3 . Briefly, the phenylthiocarbamoyl groups whereas 6B was evaluated in terms of its photocurrent generation performance.
338
The UV-vis spectrum of film 6A (solid state) had a similar profile to that of 339 compound 6 in chloroform (solution state), which suggested that the monolayer 340 had been successfully transferred. Fig. 5i shows the photoelectrochemical 341 response of film 6B with illumination at 420 nm. The photocurrent was generated quickly when film 6B was illuminated. Fig. 5ii shows the action 343 spectrum of film 6B (circles) and the UV-vis spectrum of film 6A (solid line). The 344 patterns of these two spectra were very similar, which suggested that the and the details of this alternative method will be published in our next paper.
366
The acyl chitosan isothiocyanates exhibited a high level of reactivity 367 towards amines to afford the corresponding N-thiocarbamoyl chitosan 368 derivatives, which suggested that various functional amines could be used to 369 for the functionalization of chitosan. A porphyrin-appended chitosan derivative 370 (6) was also prepared to evaluate the application of these acyl chitosan 371 isothiocyanates to the synthesis of functional materials. The LB monolayer film 372 of compound 6 gave a good photon-to-electron conversion performance, which 373 suggested that compound 6 could be used as a promising photon-to-electron 374 conversion material. Taken together, the results of this study demonstrate that 375 our new method can be used to be provide rapid access to a range of acyl 376 chitosan isothiocyanates, which have the potential to become useful 377 intermediates for the construction of functional chitosan derivatives. & Table) Scheme 1 Preparation of N-substituted thiocarbamoyl chitosan derivatives (5a-c and 6)
via the corresponding acyl chitosan isothiocyanates (4a-e). FT-IR spectra of compounds 1, 2, 4a-e and 5a-c.
Supporting information 2
1 H NMR spectrum of compound 6.
Supporting information 3
UV-vis spectra of compound 6 in CHCl3 (solid line) and the LB monolayer film 6A (dashed line) (normalized at 424 nm).
Supporting information 4
Surface pressure ( acyl -C 33.9, 31.3, 24.5 34.0, 31.8, 29.5 34.0, 31.8, 29.4 34.1, 31.9, 29.4 -33.9, 31.3, 24.5 34.0, 31.3, 24.5 34.0, 31.3, 24.5 22.4, 13.9 24.9, 22.7, 14.1 24.9, 22.7, 14.1 24.9, 22.7, 14.1 -22.3, 13.9 22.3, 14.0 22.4, 13.9 Others ----133. 4, 129.4, 128.6 132.6, 129.9, 124.8 46.8, 24.9, 11.4 49.2, 25.6, 22.5 (benzoyl aromatic-C) (phenyl aromatic-C) (propyl-C) (piperidyl-C)
FT-IR (cm -1 ) 2958, 2872, 2047 2926, 2855, 2043 2924, 2853, 2047 2924, 2853, 2043 3062, 2029, 1728 3347, 2957, 2870 3366, 2959, 2872 3399, 2934, 2856 1747, 1462, 1379 1748, 1468, 1379 1748, 1464, 1373 1748, 1466, 1377 1601, 1450, 1315 1747, 1537, 1499 1748, 1547, 1456 1748, 1541, 1495 1278, 1167, 1059 1279, 1159, 1059 1278, 1165, 1062 1278, 1163, 1061 1269, 1093, 1066 1377, 1356, 1242 1377, 1356, 1244 1377, 1358, 1240 918, 777, 721 916, 721 920, 721 922, 721 935, 710 1167, 1107, 1053 1168, 1110, 1053 1169, 1110, 1053 750, 696 754, 696 752 * The DS (degree of substitution) were determined by elemnatary analyses.
4.80-4.00 4.50-4.00 4.65-4.00
